ABSTRACT. The sequence of cranial suture closure among cervids is reported to be generally species-specific and highly conservative within species. On the other hand, it is known that intraspecific variation often exists to some extent in other mammalian taxa. Here we studied the cranial suture closures of Capreolus pygargus from Jeju Island and compared it with other cervid species. We found that the timing of the interparietal suture closure is highly variable within C. pygargus. Capreolus capreolus similarly shows intraspecific variation of the interparietal suture closure, whereas other cervid species studied to date do not show any intraspecific variation in the sequence of cranial suture closure. Such high intraspecific variation of the interparietal suture may be a derived character for Capreolus.
doi: 10.1292/jvms. was calculated as the total of all closure scores within the specimen. Twelve specimens whose cranial sutures and total cranial length were measurable were used for this analysis.
Kendall's tau-b statistic was calculated to assess the correspondence of suture closure pattern between two independent rankings [23] . SPSS version 24.0 was used for this analysis. This analysis was performed between males and females of C. pygargus. Suture closure data of C. capreolus acquired from Bärmann and Sánchez-Villagra [2] were also compared. Twenty-four cranial sutures common between this study and Bärmann and Sánchez-Villagra [2] were adopted. We also compared with Hydropotes which is the sister genus of Capreolus. The sequence of H. inermis was adopted from our previous study [9] , but the basisphenoid-parietal suture was excluded from the analysis because it does not exist in C. pygargus. The basisphenoid-parietal suture did not show closure in any H. inermis. Acquired sequences of C. pygargus are given in Table 2 . Generally, the exoccipital-basioccipital suture closes first, and then the supraoccipital-exoccipital and basisphenoid-basioccipital sutures close in both sexes. In males, next closure occured in the interparietal suture. In females, the timing of supraoccipital-exoccipital, basisphenoid-basioccipital and interparietal suture closures were tied. The presphenoid-basisphenoid suture is the last to close in both sexes.
On the other hand, suture closures of some specimens did not follow the general patterns and showed variation to a certain extent. Maxillary-palatine, basisphenoid-temporal sutures showed partial closure in RDOC002 (Appendix 1). Lacrimal-zygomatic suture exhibited partial closure in RDOC009 (Appendix 1). These sutures were not closed in other specimens. In general, supraoccipital-exocciptal and basisphenoid-basioccipital sutures close earlier than the interparieal suture, but in two specimens (CNU-Jeju006 and CNU-Jeju003 in Appendix 1) the interparietal suture was closed without the supraoccipital-exocciptal and basisphenoid-basioccipital sutures being closed. JNU001, FNHM003, HA003 and HA004 (Appendix 1) showed closure of the interparietal suture without basisphenoid-basioccipital closure, and HA004 (Appendix 1) showed no closure of the exoccipitalbasioccipital.
There was no significant correlation between degree of suture closure and skull size among adults (r=−0.05, P=0.87). Minimum and maximum total cranial length of 12 specimens used in this analysis is 178. 23 and 193 .81, all of which were adults with fullyerupted dentition [11] .
Kendall tau b between male and female C. pygargus was 0.99 (P<0.001). Suture closure sequences appear to be highly similar between both sexes in C. pygargus. Kendall tau b between C. pygargus and C. capreolus was 0.94 (P<0.001). The interparietal suture was the first suture to close in C. capreolus. Kendall tau b between H. inermis and C. pygargus was 0.88 (P<0.001), suggesting that the overall suture closure sequences of the two species are highly comparable. While the interfrontal suture closes in mature H. inermis, we did not observe such closure in any studied C. pygargus. Closure of the interparietal suture occurs relatively later in C. pygargus whereas it is one of the first sutures to close in H. inermis.
Among other cervid species (Alces alces, Axis axis, C. capreolus, Cervus elaphus, Dama dama, H. inermis, Mazama gouazoubira, Muntiacus muntjak and Rangifer tarandus), the interparietal suture is one of the first sutures to close [2, 15] . Therefore, the late closure of the interparietal suture in C. pygargus could be a derived trait among cervid species, which is not even found in the closely related C. capreolus. However, it must be noted that late closure of the interparietal suture was not applicable to all individuals. In C. pygargus the closures of the interparietal suture in most of studied specimens occur after the exoccipital-basioccipital, supraoccipital-exoccipital and basisphenoid-basioccipital sutures are closed. Nevertheless, two specimens showed closure of the interparietal suture while the supraoccipital-exoccipital and basisphenoid-basioccipital sutures were still open, a pattern which rather resembles the sequence of other cervid species [2, 15] . In four individuals with closed interparietal suture, the supraoccipital-exoccipital suture was closed but the basisphenoid-basioccipital suture was not closed.
The suture closure sequence shown by Rager et al. [15] was not compared in our statistical analysis because only 18 sutures were studied, and the alternative dataset of C. capreolus from Bärmann and Sánchez-Villagra [2] which studied 24 sutures was adopted for this study. However, Rager et al. [15] which included more specimens than Bärmann and Sánchez-Villagra [2] found that C. capreolus show sequence variation of the interparietal suture closure, a result similar to our findings. In their study, one specimen showed no closure of the interparietal suture while the exoccipital-basioccipital suture was closed. Quite strikingly, this exceptional sequence in one individual of C. capreolus is similar to the general sequence of C. pygargus reported here. Other two cervid species (M. muntjak and R. tarandus) studied by Rager et al. [15] do not show any other variation in cranial suture closure patterns. Variation of suture closure pattern was also found in H. inermis in our previous study [9] , but only one specimen showed the exception; the supraoccipital-exoccipital suture was open while the basisphenoid-basioccipital suture was closed. However, the timing of the interparietal suture closures was not variable and always early in this species [9] .
In mammals, the amount of intraspecific variation is pointed out to characterize phylogenetic relationships of certain groups. For example, it is reported that considerably higher intraspecific variation in thoracolumbar vertebral count characterizes atlantogenatan mammals [1] . It is known that the degree of intraspecific variation of suture closure sequence differs among mammalian clades. The variation is high in xenarthrans whereas it is relatively low in afrotherians [15] . Laurasiatherians show moderate variation. Among Laurasiatherians, only two species showed no intraspecific variation, and both of them were cervids (M. muntjak and R. tarandus) [15] . Given these, we postulate that the high intraspecific variation of cranial suture closures may be a derived character of Capreolus.
In conclusion, Capreolus as a whole appears to show high variation of the interparietal suture closure pattern which is not found in other cervid groups. However, since our study was limited to the specimens from Jeju island of Korea, further study on C. pygargus from other populations is needed to clarify the phylogenetic trend of intraspecific variation of suture closure pattern of Capreolus. To date, considerable morphological and genetic variation among populations of C. pygargus has been recognized [19, 20, 24] . Especially, the population of Jeju Island, which is isolated from the Korean peninsula, is for sure genetically and morphologically distinct from other populations [8, [11] [12] [13] .
